The sp. gr. of chloroform is generally stated to be 1.480, but the density oi pure specimens averages at least 1,494, according to the observation of my friend Mr. W. Swan.
May 1, 1848.
The President in the Chair.
The following papers were read : THE phenomena of capillary attraction which appear, when one solid, and one liquid are brought together, have been extensively observed, and commented on by natural philosophers. Much less attention, ,however, appears to have been paid to what occurs when a single solid is in contact with two or more liquids of different densities, and which do not dissolve, or act chemically upon each other; although it cannot be doubted that an inquiry into this branch of the subject would bring to light novel facts, and might contribute greatly to the realization of a complete theory of capillary action.
XVL-
I have happened, recently, to notice quite accidentally, some striking phenomena, which show themselves, when certain liquids denser than water, are exposed, while contained in glass or glazed porcelain vessels, to the alternate action of aqueous solutions of acids and alkalis. The object of this communication is to bring the phenomena observed before the Society as a slender contribution towards the extension of our knowledge of capillary attraction.
I shall describe them at length, as manifested with chloroform, the liquid with which I have made most experiments, and afterwards refer briefly to the results obtained with other fluids. When chloroform is placed in a test-tube, or other vessel of glass, standing on a horizontal surface, it exhibits, like other substances which wet that solid, a curved surface with the concavity upwards. If water or an aqueous solution of nitric, sulphuric, or muriatic acid, be poured over the stratum of chloroform, the surface of the latter immediately changes the direction of its curve, and becomes convex upwards ; the convexity induced being much greater, however, than the previous concavity. If, on the other hand, an aqueous solution of potash, soda or ammonia be placed above the chloroform, the latter ceases at its upper limit to present a sensible curvature upwards or downwards, and shows a surf'ace, which to the unassisted eye, appears to be flat. It is to this property of an acid to round, and of an alkali to flatten the surface of various liquids, of which chloroform is one, that I seek specially to direct attention.
The phenomena referred to, cannot seem remarkable when merely described; but they have appeared striking, and I may say, startling to most who have witnessed them. They are best observed by dropping into a perfectly clean, flat-bottomed glass vessel containing pure water, a quantity of chloroform too small in amount to touch the walls of the vessel on every side. The heavier liquid then shows itself, as a brilliant, highly mobile globule. If alkali be now added, the globule in a moment collapses, sinks as if exposed to a crushing force, and flattens out on the bottom of the glass, On slightly supersaturating the alkali with an acid, the flattened chloroform starts into its previous globular shape, with a momentum and rapidity, such as might be exhibited by a highly elastic substance, like a ball of caoutchouc suddenly relieved from enormous pressure. When the acid in its turn is supersaturated with alkali, the flattening again occurs, and by alternating the addition of these reagents, the same globule may be successively flattened and rounded for any number of times.
It is necessary here to mention, that the employment of an acid is not essential to the development of the phenomena described. In &stilled water, chloroform exhibits a convexity of upper surface as marked as in the aqueous solution of an acid. The alternate addition to water, and removal from it of alkali, are as efficacious accordingly as the successive addition of alkali and acid. But the washing away of the former by repeated affusions and decantations of water, is a tedious and unsatisfactory process, which has the great disadvantage of changing the form of the globule by slow gradations from a flat to a convex surface, whilst an acid effects the conversion per salturn. I shall confine my observations, accordingly, to the action of alkalies and acids, although the effect of the latter in altering the shape of the chloroform globule, is not greater, but as I incline to think, less than that of water.
Change in configuration, however, is not the only alteration which the globule of chloroform undergoes. Some of its other physical properties are markedly altered by its contact with acids and alkalies. These changes are best seen when a deep white saucer, or flatbottomed porcelain basin is made use of, as the containing vessel. When acidulated water is placed in this, and chloroform let fall into it, the denser fluid is scarcely wetted, and although nearly half as heavy again as pure water, sinks reluctantly,* If the drops indeed be small, they never reach the bottom, but floating on the surface, evaporate away. Those which descend, form globules very mobile, and readily obeying the solicitation of gravity. When separate globules meet, they rapidly flow together, and scarcely one is to be seen without a bubble of air attached to its upper surface, and adhering very tenaciously. I have already referred to the brilliancy of the drops of chloroform at the bottom of the water; they retain this character when the water is aciclulated.
When the water, o n the other hand is alkaline, the chloroform is quickly wetted, and sinks swiftly. The drops, if small, become circular discs with rounded edges; if large, they arc oval, or spread out into elongated, irregularly ovoidal, or flattened cylindrical forms. Their shape, however, is changed by the slightest impulse, or inclination of the containing vessel, in a way which, perhaps, I may best illustrate by comparing it to the ever-varying elongations, contractions, and irregular swellings, which alter the configuration of an active living leech in a glass of water. The flattened globule, moreover, is much less mobile than the rounded one in acid. The former moves sluggishly, even down an inclination ; clings to the vessel ; and when compelled to move rapidly, leaves a tail behind it, like foul mercury. No air-bells attach theinselves to it, and its brilliancy is sensibly diminished, as if its refractive index had altered, The phenomena I have described are sufficiently striking when made with colourless chloroform; but I find that the addition of colouring matter to that liquid makes all of them much more conspicuous, and curiously modifies some of them. I n reference to this subject, I premise, in case the fact has not already been put on record, that chloroform dissolves in whole, or in part, the colouring principles of turmeric and rhubarb root, of blue litmus, and of the false alkanet, (Anchusa finctoria) . It probably dissolves many other organic colouring matters, but thosc are the only ones I have tried. It can thus be made yellow, blue, and red, and although its solvent action on the substances referred to, is much inferior to that of water, alcohol and ether, chloroform becomes sufficiently deeply tinted to contrast strongly with colourless liquids. Its behaviour with these, is in consequence more readily observed, especially when capillary tu?m are rnadc use of. The litmus-blue chloroform keeps its colour worse than the turmeric or alkanet solutions, but it is preferable to them, for its tint is wholly unaffected by acids or alkalies, unless very concentrated ; whilst these change the colour of red and yellow chloroform, and what is still more annoying to the experimenter, become coloured themselves.
Whcn alkali is added to water in a porcelain vessel, at the bottom of which a globule of blue chloroform is lying, the latter flattens out much more than when not coloured; frequently spreading over an irregular area, five or six times greater than it occupied before the alkali was poured upon it, It is impossible to speak of its form, as no two coloured globules shape themselves alike. I can compare their appearance only to that of a thin, diffused cloud, which a casual observer would not readily believe was a dense liquid, identical with the brilliant globules which roll about under water, or an acid. The apparent viscidity of these extended globules is great, and their sluggishness and immobility much more striking than when uncoloured. The colouring matter appears here and there in dark specks, as if it had been abandoned by the chloroform, yet as soon as a sufficiency of acid is added, the diffused chloroform-nebula rapidly contracts, gathers as it were, all the colouring matter to itself, and springs up into an elastic-like globule, as deeply tinted, to appearance, as before the acid was added. I n all probability, however, a little of the colouring matter is held only in suspension by the globule, for the water dissolves the chloroform without dissolving the litmus, and as the chloroform solution was originally saturated at its boiling point, it must, of necessity, part with some of the colouring matter.
Precisely similar phenomena are observed with the turmeric and alkanet solutions, only the chloroform and water alternately change their tint from yellow to brown, or from red to blue, as acid or alkali is added.
All the phenomena I have described, as observed with colourless chloroform, may likewise be seen with Dutch liquid (C, H,, CIJ, a substance containing the same elements as chloroform, although in a different proportion, and scarcely distinguishable from it in odour. Bisulphuret of carbon also comports itself with acids and alkalies, as the liquids already mentioned do. Dutch liquid, however, is troublesome to prepare and purify, and sulphuret of carbon has an odour which many deem very offensive. Chloroform is the most pleasant of the three liquids to work with, and what is sold in the shops is pure enough for the purpose.
The volatile oils, which are heavier than water, likewise comport themselves under acids and alkalies like chloroform. View Article Online that they soil the sides of the glasB, and the alkali appears permanently to modify the oil. Bromine also flattens under alkalies, and rounds under acids, when at the bottom of water; but the change is less perceptible than with the other liquids mentioned. The experiment, indeed, cannot be fully tried, owing to the rapid action of alkaline solutions on bromine, and the impossibility of exposing the latter to these, without chemical combination occurring.
These are all the liquids I have observed, which exhibit the phenomena described under the head of chloroform. They are, however, the only ones I have tried, so that I do not doubt inany others will be found behaving towards acids and alkalies in the manner I have described.
1 may here mention also, that besides the alkalies, lime-water and baryta-water flatten chloroform ; likewise aqueous solutions of the carbonates of potash and soda, but not, so far as one trial can decide, the commercial carbonate of ammonia. Solutions of neutral and acid salts, so far as I have tried them, appear all to round the surface of chloroform. The solvent action of that substance, however, greatly limits the trial of experiments. All the liquids lighter than chloroform, except aqueous solutions, which I haw tried, have been dissolved by it. The volatile oils, olive, castor, and cod-liver oil, ether, alcohol, bisulphuret of carbon, and wood-spirit, appear miscible in all proportions with it. I n conclusion, I would refer for a moment to a question connected with the theory of the Phenomena recorded. I n speculating on the causes of the phenomena of capillary attraction presented by a single liquid and a solid, there are at most but two Zoci of force to consider, the solid and the liquid. I n seeking to explain the phenomena 1 have described, however, there are three possible Zoci of force, the two liquids and the solid, so that the problem becomes more complex.
I have looked anxiously for any appearance which might indicate whether alkalies ex. gr. in flattening chloroform, do so by direct action on that liquid, or on the solid constituting the containing vessel, or on both. I have not been able to find an instantia crucis as to this question; but without seeking to affirm that the alkali may not immediately modify the forces resident in the walls of the vessel, I think evidence can be adduced to show that the alkali does direetly affect the mutual attraction of the particles of the chloroform and other liquids alluded to, I would refer, in proof of this, to three facts : 1. Chloroform rapidly wets and sinks in alkaline solutions. 2. When chloroform is shaken with these liquids, it breaks into more numerous and smaller globules than in water or acids. The same phenomenon is still more observable with sulphuret of carbon, and with oil of sassafras, and of cinnamon, whose densities approach more nearly to that of water than that of chloroform does, SO that their globules can be longer retained in semi-suspension in water, away from the solid, than in the case with chloroform. 3. When from a narrow pipette, an alkaline solution is dropped on a large globule of chloroform, under water, in a wide vessel, the globule begins to flatten before the alkali can have reached the bottom SO as to act on the solid.
A consideration of these facts has led me, from the first, to think it probable that the action of the chloroform and the alkaline-water on each other, is more concerned in the production of the capillary phenomena described in the foregoing paper, than the influence of either or both liquids on the containing vessel. I offer this as an opinion, for I cannot demonstrate its truth experimentally ; but apart from other reasons for holding it, I have been led to connect the flattening of chloroform under alkalies with the chemical affinity of the latter for it, and its rounding under acids with the comparative indifference which even the strong acids exhibit towards it. Chemical aflnity may often justly be regarded as attraction, in the strictly physical sense of the term. The molecules of bodies, in many cases, come nearer each other when they combine chemically. This may be the case when chloroform and potash are converted by their mutual action into chloride of potassium and formic acid. The alkaline solutions made use of, in the experiments recorded, were in every case too weak to decompose chloroform; but this does not forbid the idea of the liquids coming into closer physical contact than they otherwise would have come, in virtue of a chemical affinity, which nevertheless does not rise high enough to effect combination or decomposition. A weak electrical current will polarize water and effect a temporary change in the molecular arrangement of its elements, although it may be too feeble to decompose the liquid. A similar power, mutatis mutandis, may be ascribed to weak alkaline solutions in their effect on chloroform; and the rounding effect of acids may be regarded as in great part negative, and so far limited to the removal of the alkali. f refer to this attractive power of chemical affinity, only as a possible causc of the phenomena recorded, and as one cause at wbrk N 2
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